Abstract. We performed a community-based study of 12 villages of southern Taiwan's A-Lein Township to investigate the epidemiology of hepatitis B and hepatitis C virus (HCV) infections. Of 6,095 patients, 13.8% were positive for hepatitis B surface antigen positive (HB s Ag(+)) and 17.0% were positive for anti-HCV (anti-HCV(+)). Infection was found to be inversely related to educational level and to be directly related to the frequency of the receipt of parenteral injection for medical purposes. Risk factors for HB s Ag positivity were male sex, age Յ 50 years, and a family history of hepatocellular carcinoma. Risk factors for HCV seropositivity were lower education level, frequent parenteral injections, blood transfusion, menial occupations, smoking, and age > 50 years. Therefore, risk factors for HB s Ag(+) and anti-HCV(+) were different in these Taiwanese communities. Safe medical injections and improved health education for high-risk groups are imperative for preventing HCV transmission.
INTRODUCTION
Hepatitis B virus (HBV) and hepatitis C virus (HCV) are major causes of chronic liver diseases worldwide, particularly cirrhosis and hepatocellular carcinoma. Although the incidence and HBV infection has been markedly reduced after mass vaccination programs, 1 HCV infection remains a worldwide public health concern.
2 Taiwan, still a developing country, is located in subtropical east Asia and has a high mortality rate due to hepatocellular carcinoma. 3 Southern Taiwan's ALein Township has a hepatocellular carcinoma mortality rate more than double that of Taiwan as a whole. A previous study in A-Lein showed that the prevalences of HCV antibodies (anti-HCV(+)) and HBV surface antigen (HB s Ag(+)) among residents aged Ն 65 years were 30.5 and 11.4%, respectively. 4 The national prevalence rates among adults in Taiwan for anti-HCV(+) is 1-3% 5 and for HB s Ag(+) 15-20%. 6 Therefore, we suspected that HCV was hyperendemic in this community. The main purpose of this community-wide population survey among residents aged Ն 35 years was to investigate the prevalence of hepatitis and its risk factors for infection.
Both HBV and HCV are blood-borne hepatotropic viruses but have distinct routes of transmission. Most commonly, HBV is acquired by vertical transmission from an HB s Ag(+) mother or via horizontal transmission in childhood. [6] [7] [8] However, HCV is primarily transmitted parenterally in adulthood by intravenous drug use, blood transfusion, or medically related parenteral exposures, but rarely through the placenta, breast-feeding, or sexual contact. 4, [9] [10] [11] Previous studies have showed that frequent medical parenteral injections that used nondisposable needles were highly associated with HCV seropositivity and that most persons with anti-HCV(+) did not have a history of blood transfusion or intravenous drug use, 4, 9 the most commonly documented risk factors for HCV infection. 10 In this community, patients and health care providers, including unlicensed practitioners, pharmacists, and even some doctors, popularly considered medical injections a routine service provided during health care visits; consequently, medical injections were overused. 4, 9 Unsafe injections, including the reuse of syringes or needles without sterilization between patients, was ubiquitous because of poverty and the scarcity of medical resources in Taiwan, especially in rural communities, until about a decade ago. From long-term observations, most injections are unnecessary because alternatives exist that can be delivered orally, and the indications for injections include several nonspecific symptoms, such as colds, fatigue, dizziness, myofacial pain, diarrhea, abdominal pain, and fever. In this study, we also analyzed the risk factors for frequent medical injections among those with HBV and those with HCV infections. We hoped that our results would help prevent the spread of HCV and other diseases transmitted by frequent, unsafe, and unnecessary medical injections.
Many studies have shown that socioeconomic status (in the present study, this was assessed as a combination of educational level and occupational status) affects health status, morbidity, and mortality, especially for cardiovascular diseases. 12, 13 Few studies have reported on the relationship between socioeconomic status and the HBV or HCV carrier state. 14, 15 In addition, most previous epidemiological studies of hepatitis have focused exclusively on one virus, HBV or HCV, but have not considered the relationship between them. Accordingly, the present study population provided a unique opportunity to simultaneously observe and compare the distribution and risk factors of the HB s Ag carrier state and HCV infection. These results may provide insight into strategies to prevent hepatitis virus infection.
PATIENTS AND METHODS
A-Lein Township has a population of ∼ 30,000 residents. Of these, ∼ 8,800 are aged Ն 35 years. The age distribution in this study was 42.9% for those 35-50 years old, 33.4% for those 50-65 years old, and 23.7% for those Ն 65 years old (mean age ‫ס‬ 54.0 years; standard deviation, ± 13.0). Although there are only 12 villages in A-Lein Township, for this study, we created a 13th comprising the residents of temples and the township's single nursing home because their daily activities are different from those of the general population ( Figure 1 ). Our study lasted from January 1996 to January 1998. Intensive health promotion activities for hepatitis and hepatocellular carcinoma screening were held before blood samples and questionnaires were collected. Villagers came of their own volition and provided informed consent. A total of 6,095 residents attended this hepatitis screening program, a response rate of 69.3% (6,095 of 8,800). We recruited only those aged Ն 35 years for screening for financial and feasibility reasons. Specifically, the second portion of this program was to screen for hepatocellular carcinoma in those patients found to be HB s Ag(+) and anti-HCV(+), or patients with elevated serum alanine aminotransferase. This study was approved by the A-Lein Health Promotion Committee.
The questionnaire consisted of age, education levels, occupation, family history of hepatocellular carcinoma, daily consumption of cigarettes and alcohol, and medical history with special emphasis on blood transfusion and parenteral therapy. Alcohol drinking was subclassified as frequent, occasional, or rare. Smoking was subclassified as Ն 1 pack per day, < 1 pack per day, abstained (i.e., quit smoking at least 6 months before this study), or never smoked. A "frequent injection" recipient was someone who had had > 6 injections per year before the introduction of disposable needles and syringes ∼ 10 years ago. The township had no reported cases of human immunodeficiency virus and only a negligible number of reported and suspected intravenous drug users among those Ն 35 years old.
Serum samples were sent to the Tainan Blood Center of the Chinese Blood Service Foundation to test for HB s Ag and anti-HCV markers. The Murex (London, UK) HB s Ag (version 1) enzyme immunoassay method was used to test for HB s Ag. Anti-HCV was tested by the third-generation Murex anti-HCV enzyme immunoassay, which contains the antigen from the HCV core, nonstructural 3 (NS3), NS4, and NS5 regions.
A chi-square test was used to determine the difference of risk factors in seropositive hepatitis status with seronegative persons. Odds ratios (OR) and 95% confidence intervals (CI), which used seronegative persons as the reference group, were applied in univariate analysis. Multiple logistic regression was used for multivariate analysis to determine the independent risk factors for exclusively HB s Ag(+), exclusively anti-HCV(+), and frequent medical injections.
RESULTS
Of the 6,095 blood samples collected, 71.2% were negative, 13.8% HB s Ag(+), 17.0% anti-HCV(+), and 2.0% were both HB s Ag(+) and anti-HCV(+). The prevalence of hepatitis virus infection varied from village to village. The seronegative rates ranged 39.5-78.6%, the HB s Ag(+) 6.8-17.3%, and the anti-HCV(+) 7.2-37.6% (a 5.2-fold difference) ( Table 1) .
By use of seronegative people as the reference group in univariate analysis, we found those who tested HB s Ag(+) were more likely to be men, to be aged < 50 years, to have higher educational levels, to have a family history of hepatocellular carcinoma, and to habitually drink alcohol and smoke cigarettes (P < 0.05). Those who tested anti-HCV(+) were more likely to be Ն 50 years old, to have lower educational levels, to have menial employment, to be smokers, to have had a blood transfusion, and to have had frequent medical injections with nondisposable needles and syringes. The prevalence of anti-HCV(+) was inversely related to educational levels and positively related to the number of medical injections. There was no significant difference between the prevalence of anti-HCV(+) in men and women (Table 2) .
By use of seronegative people as the reference group in multiple logistic regression, after controlling covariates, the independent risk factors for HB s Ag(+) carriers were male sex, being aged < 50 years, and having a family history of hepatocellular carcinoma. Among these factors, a family history of hepatocellular carcinoma (OR, 2.38; 95% CI, 1.70-3.35) was the most significant. In the multivariate logistic analysis, the independent risk factors for anti-HCV(+) were exactly the same as in the univariate analysis. Among these factors, lower educational level (OR, 1.95; 95% CI, 1.46-2.61) and frequent medical injections (OR, 1.93; 95% CI, 1.54-2.40) were highly associated (Table 3) .
In multivariate analysis of risk factors for frequent medical injections among HB s Ag(+) and anti-HCV(+) by multivariate logistic models, we found that lower educational levels and blood transfusion history were independent factors for both strains of hepatitis and that smoking was highly associated with anti-HCV(+) ( Table 4) .
DISCUSSION
This community-wide population study produced several important findings. First, the prevalence of anti-HCV(+) in each village (range, 7.9-41.9%) was more variable than that of HB s Ag(+) (range, 7.8-17.1%). Second, although HBV and HCV transmission is blood-borne, the risk factors for HB s Ag(+) subjects and anti-HCV(+) subjects are different. The HB s Ag(+) subjects were more likely to be young (aged < 50 years) men and to have a family history of hepatocellular carcinoma, but anti-HCV(+) subjects were more likely to be older (aged Ն 50 years), to have had a blood transfusion, to have had frequent medical injections, to have a lower level of education and a menial job, and to habitually smoke cigarettes. This shows that HBV infection is more associated with familial transmission and occurs earlier than HCV infection. Most HCV infections were acquired later in adulthood, and transmission was associated with lower socioeconomic status and iatrogenic routes. There is therefore no significant association between anti-HCV and a family history of hepatocellular carcinoma in this study. Third, the major risk factors of HCV infection, except blood transfusion, are different from those found in developed countries.
This population survey demonstrates that the main source of hyperendemic HCV infections in Taiwan-hitherto a mystery-is primarily unsafe and unnecessary medical injections associated with contaminated needle use. This rarely occurs in developed countries, except among users of illicit parenteral drugs 10, 16, 17 To prevent further transmission of HCV infection in the world, this iatrogenic route should be regulated and international travelers should be warned to avoid such injections if possible. Overuse of medical injections has been another cause of HCV transmission that occurs in a dose-response relationship with the number of unsafe injections. 18 Although unsafe and unnecessary injections have decreased substantially over the past few decades in Taiwan, they are still routinely used in outpatient visits in many developing countries.
2 They spread not only HBV and HCV, but also human immunodeficiency virus, which will result in more morbidity and mortality and generate an increase in economic burdens from these diseases several years later. 2 Although the risk for HCV transmission by blood transfusion has been greatly decreased since an anti-HCV test was introduced in the early 1990s, 19 an increase in the prevalence of hepatitis C virus infection in the world might occur through cross transmission from the unsafe and unnecessary injections that are routine in outpatient visits and ubiquitous for international travelers in developing countries. 2 In this study, those subjects who habitually smoked had a higher prevalence of HCV infection and were at significant risk for frequent medical injections. This might be so because smoking is highly associated with an increased use of outpatient physician and hospital services. 18 In past decades, unfortunately, health care services in Taiwan usually administered unnecessary injections with reusable and inadequately sterilized needles and syringes. The mechanism of transmitting HCV through repeated use of the same needles and other medical instruments is similar to the sharing of needles by intravenous drug users, where the probability of HIV infection has a clear correlation with the period and frequency of injection. 20 Socioeconomic status also plays an important, although indirect, role in the transmission of HCV infection. In this study, educational levels were inversely related to the prevalence of anti-HCV(+) and the frequency of medical injections independent of HB s Ag(+) or anti-HCV(+) ( Tables 2 and 4 ). This might be because people of lower socioeconomic status are more likely to have an unhealthy lifestyle and lack access to health care, and be less well informed about the prevention of diseases. 21 Consequently, their rates of morbidity for diseases and medical interventions were higher than average, with each incidence exposing them to infection via reused and virus-contaminated instruments. 10, 22 Two villages had an anti-HCV(+) prevalence nearing 42%, 3 times higher than the average of the other villages in this community and 20 times higher than the national average. These higher levels are related to the existence of unlicensed practitioners who, for several decades, had taken advantage of a lack of consumer information in the medical services market and urged patients to take unnecessary injections. This is truly iatrogenic transmission.
This type of transmission likely exists elsewhere, especially in developing countries. These findings present a call for cooperation by the community, health care systems, government, and world health organizations. They must agree on and emphasize the use of disposable medical supplies, the sterilization of reusable supplies and equipment, and the strict adherence to and enforcement of safe and standard medical practices to prevent further transmission of HBV and HCV. 
